Sixty-one adrenal gland tumors were surgically removed from 60 dogs. Fifty-two dogs underwent elective adrenalectomy and 
Introduction
Primary adrenal tumors have been reported to account for 1-2% of all canine neoplasias. 1 Adrenalectomy has been recognized as the treatment of choice for both adrenocortical tumors and pheochromocytomas since successful surgery was reported to yield a good long-term prognosis, with median survival times extending years. [2] [3] [4] [5] [6] However, adrenalectomy may not always be recommended due to previously reported perioperative mortality rates ranging from 19% to 60%. [2] [3] [4] [5] [6] [7] [8] Fortunately, improvements in anesthetic, surgical, and nursing protocols appear to have resulted in lower perioperative mortality rates after adrenalectomy than have been reported in the past. Previous studies investigated factors that may influence the outcome of adrenalectomy and concluded that tumor size, tumor type, presence of caval thrombus, and histopathology were not good predictors of outcome. 2, 3, 8 Because it has generally been accepted that long-term prognosis was good after adrenalectomy, providing the perioperative period was survived, identifying factors that currently influence perioperative mortality may be helpful in guiding therapeutic recommendations.
Acute adrenal tumor hemorrhage has been reported and thought to be secondary to tumor growth-related rupture of the adrenal capsule. [9] [10] [11] Acute adrenal tumor hemorrhage has been found to lead to significant peritoneal and/or retroperitoneal blood loss. [9] [10] [11] The rich vascular supply of the adrenal gland and the neovascularization often seen with adrenal tumors may make adrenal tumor hemorrhage even more serious. Little has been published regarding acute adrenal hemorrhage in dogs. The management of two dogs after adrenal tumor rupture was described. 10, 11 In one case report, four dogs presented with signs of cardiovascular collapse and were taken to surgery for adrenalectomy. 9 Three of the four dogs survived surgery, and the authors concluded that adrenalectomy was indicated for ruptured adrenal tumors and 
Materials and Methods
Medical records were reviewed from all dogs that underwent adrenalectomy between January 1999 and February 2006. Criteria for case selection included patients that underwent adrenalectomy and had complete medical records available for review, including histopathologic diagnosis. Owners and referring veterinarians were interviewed to obtain long-term follow-up information. Necropsy was not routinely performed.
Preoperative Data Collection
Signalment and clinical signs at presentation were obtained from the medical records.
Diagnostic Testing
Before surgery, each dog was evaluated by physical examina- Procedures Anesthesia support was provided to all dogs intraoperatively; the volume of intravenous fluid each dog received was based on assessment of blood loss, heart rate, pulse quality, mucous membrane color, capillary refill time, femoral pulse quality, and blood pressure (direct or indirect). Colloidal support, blood products, and neuromuscular blocking agents were used on a case selective basis.
Monitoring of neuromuscular blockade was undertaken using the train of four technique. 15 Normothermia was promoted during the perioperative period using heated circulating water blankets and a forced warm air convection system. Anesthetic monitoring included pulse and respiratory rates, pulse quality, temperature, continuous lead II electrocardiogram, pulse oximetry, end tidal carbon dioxide, hemotocrit, plasma protein, blood gas, and 
Surgical Procedures
Operative times were defined as the period from initial incision to skin closure. A ventral midline exploratory laparotomy was performed in all dogs. Adrenal tumors were identified; side, tumor size, presence of tumor invasion into the vena cava, evidence of metastatic disease, and presence of peritoneal and/or retroperitoneal hemorrhage were assessed. Tumor invasion limited to the phrenicoabdominal vein was not recorded.
Routine adrenalectomy was performed using a combination of blunt and sharp dissection and commonly used electrocautery for hemostasis. 16 The 
Postoperative Treatment and Data Collection Management
All dogs received fluid therapy, opioid analgesics (fentanyl 3-6 mg/kg/hr CRI) and intravenous broad-spectrum antibiotics (typically cefazolin 22 mg/kg IV q 8 hr). Colloids, vasopressors, blood products, antiarrhythmics, and antiemetics were administered on a case selective basis. Postoperative monitoring included heart rate, pulse strength, respiratory rate and effort, temperature, systemic blood pressure, packed cell volume, total protein, and electrolytes.
For dogs with suspected or confirmed hyperadrenocorticism, dexamethasone (0.15 mg/kg total dose) was administered as a CRI for 6 hr postoperatively, followed by subcutaneous injections of dexamethasone (0.15 mg/kg subcutaneously q 12 hr) until the animals were eating, at which time oral prednisone (1 mg/kg per os (PO) q 12 hr) was begun. The prednisone dosage was tapered over 9-12 wk, then discontinued. 17 For the one dog that underwent a bilateral adrenalectomy, prednisone was decreased to and maintained at the lowest possible daily maintenance dosage, and mineralocorticoid (desoxycorticosterone pivalate) was administered every 28 days.
Complications
Hypotension was treated with crystalloids (Normosol R 10-80 mL/kg IV), colloids (hetastarch 5-20 mL/kg IV bolus followed by 10-20 mL/kg/day CRI), and/or vasopressors (dopamine, dobutamine, or epinephrine as previously described). Ventricular arrhythmias were treated with antiarrhythmics as necessary (lidocaine, procainamide as previously described, or sotalol 0.5-2 mg/kg PO q 12 hr). Vomiting was treated with famotidine
(1 mg/kg IV q 24 hr), omeprazole (0.5-1 mg/kg PO q 24 hr), metoclopramide (1 mg/kg/day CRI), and/or ondansetron (0.1 mg/kg IV q 8-24 hr).
Statistical Analysis
A statistical consulting service e and software packages f,g were used to evaluate the data. Survival time was defined as the interval between surgery and death. The perioperative period was defined as days 1-28 postoperatively. Perioperative mortality was defined as death or euthanasia that occurred in the period from surgery to 28 days postoperatively. The relationship between risk factors and perioperative mortality was assessed using exact logistic regression. Each of the potential risk factors (tumor size, histopathologic diagnosis, anesthetic and operative times, tumor thrombus, and hemoperitoneum) was tested separately against the response (perioperative survival). Kaplan-Meier survival curves were created assuming a Weibull distribution for overall survival time. For dogs that were still alive at last known follow up, observed survival time was considered to be censored.
Results
During the 7 yr study period, 60 patients were identified that met inclusion criteria. Sixty-one adrenal tumors were removed from these 60 dogs, and 8 dogs required emergency adrenalectomy to stop potentially fatal blood loss.
Preoperative Data Collection Signalment
The median age for dogs that underwent adrenalectomy was 11 yr 
Clinical Signs
Clinical signs were present in 95% of dogs operated. Presenting Anesthetic times ranged from 60 to 240 min (median 100 min).
Anesthetic times were not predictive of outcome. Of all dogs that died in the perioperative period, six of seven (85.7%) were diagnosed with adrenocortical carcinoma and one was diagnosed with pheochromocytoma.
Surgical Procedures
Three of the seven dogs that died in the perioperative period underwent elective adrenalectomy; of those dogs, two were diagnosed with adrenocortical carcinoma and one with pheochro- Four of the seven dogs (57%) that died in the perioperative period had acute adrenal hemorrhage secondary to ruptured adrenocortical tumors and underwent emergency adrenalectomy;
all four were diagnosed with adrenocortical carcinoma (Table 1) .
Tumor 
Discussion
The perioperative mortality rate of the 52 dogs in this study that underwent elective adrenalectomy (6%) was substantially lower than the mortality rates of previously reported studies (19-60%).
2-8
Even when dogs that underwent emergency adrenalectomy for acute adrenal hemorrhage were considered, the perioperative mortality rate of the present study (12%) compared favorably with previous reports. Furthermore, in this study, the median survival The eight dogs with acute adrenal hemorrhage requiring emergency adrenalectomy had a perioperative mortality rate of 50%. The mortality rate in dogs that underwent emergency adrenalectomy in the present study did not vary markedly from the mortality rate of the one previously reported series of four dogs with acute adrenal hemorrhage. 9 Consistent with these findings, the presence of hemoperitoneum secondary to adrenal tumor hemorrhage was associated with a significantly higher incidence 
Conclusion
The perioperative mortality rate improved and survival rate was greater after elective adrenalectomy than was documented in previous studies. In those patients surviving the postoperative period, there was good long-term survival. The presence of acute adrenal hemorrhage had a significant negative effect on perioperative survival, but not long-term outcome for those patients surviving the perioperative period. Larger tumors were more likely to result in tumor rupture and had a higher perioperative mortality rate, arguing that earlier surgical intervention might have improved prognosis for these patients. 
